The first signs of oral cancer may resemble developing infections in the mucous membranes, with throat cancer symptoms being similar to those of upper respiratory tract infections. This greatly hinders rapid diagnosis and treatment. Better knowledge of the changes occurring in the metabolism of folic acid can help in understanding the carcinogenesis affecting DNA methylation and genome stability. Polymorphisms in genes encoding enzymes involved in this pathway may influence enzyme activity and thereby interfere with the concentrations of homocysteine and S-adenosylmethionine, which are important for DNA synthesis and cellular methylation reactions. The aim of the study was to determine the risk of oral cancer associated with the TC2 C776G polymorphism, as determined in 119 patients. Genotypes were determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). The test genotype was found to correspond to the Hardy-Weinberg (HW) equilibrium (p > 0.05). In our population G/G homozygosity of C776G TC2 gene polymorphism increases the risk of oral cancer; OR (odds ratio): 4.3875; 95% CI (confidence interval): 2.0518-9.319; p = 0.001. Regarding C/G genotype of the C776G TC2 gene, polymorphism also increases the risk of developing this cancer; OR 2.4146 95% CI: 1.2803-4.5541; p = 0.01.
Introduction
Malignant tumors of the oral cavity constitute a diverse group of diseases which vary with regard to their location, construction and clinical course. The most common form of oral cancer is squamous cell carcinoma (OSCC), which accounts for more than 90% of all cancers and develops predominantly within the mobile (front) part of the tongue and floor of the mouth. Other kinds of carcinomas in this area are very rare. It is noted that adenocarcinomas of the oral cavity usually develop in the minor salivary glands distributed throughout the oral cavity. The Polish National Cancer Registry (PNCR) reported that oral cancers are quite rare, with the total number of cases diagnosed each year in Poland being slightly higher than 1000. Data from 2010 show that annual survival of lip cancer is 91.6% in men and 91.3% in women, and tongue cancer survival is 54.9% in men and 74.9% in women. Men are 2 to 4 times more likely to be diagnosed with oral cancer than women. The most significant causes of cancer of the oral cavity are harmful carcinogens contained in tobacco smoke, although other factors, such as consumption of strong alcohol and poor oral hygiene, also have an impact.
In recent years there has been a proliferation in the number of young patients (in their thirties) who have developed oral cancer, including women, who were neither smokers nor habitual drinkers of alcohol. In most European countries the number of men diagnosed with oral cancer is still greater than the number of women, in contrast to Asian countries, where the incidence of such tumors is the same in both groups [1, 2] . According to medical literature and statistics, India is the country where most oral cancers occur, which is likely to be connected with overuse of tobacco products, especially chewing black tobacco. In the epidemiology of oral cancer, beside such risk factors as smoking cigarettes and alcohol abuse, inadequate oral hygiene, human papillomavirus (HPV) infection, riboflavin and iron deficiency also have a strong influence. The occurrence of oral cancer is five times more likely in smokers than non-smokers. In a study conducted in patients who abused alcohol we recorded a convergence between the occurrence of cancer and the impact of the risk factor, confirmed by the fact that alcohol products contain carcinogens [5, 6, 7] . In addition, mechanical irritation of the oral mucosa by poorly fitting or damaged dentures also increases the risk of cancer of the oral cavity. In the last few years there has been a surge of interest in the coincidence between genetic changes of some enzymes responsible for foliate transformations and metabolic transition. It was confirmed that in some oral cavity disorders there is involvement of genetic polymorphisms of enzymes reacting in mono-carbon group metabolism, especially transcobalamin II (TC2). TC2 is a b2-globulin which belongs to the group of peptides transporting B 12 vitamin in the blood and allowing it to enter the human cell. TC2 is a key factor essential for proper activity of methionine synthase enzyme, the function of which is the transformation of homocysteine into methionine. The most common polymorphism of the TC2 gene is substitution of cytosine for guanine at position 776, which was first described by Namour et al. in 1998 . The substitution causes a change of proline arginine at position 259 of the peptide sequence of TC2 [8] . Folic acid is an essential nutrient that plays an important role in DNA synthesis and methylation [9, 10, 11] . Folate deficiency can reduce global DNA methylation, which is associated with genetic instability and the formation of tumors [12] . Low folate intake has been positively associated with the occurrence of colon [12] , breast [17, 18, 19, 20] , lung [17, 18, 21, 22] , colorectal [17, 18, 21, 22] , and head and neck cancer [23] . The presence of C776G polymorphism of the TC2 gene in transcobalamin leads to substitution of the amino acid proline arginine at codon 259 (P259R) [24, 25] . Studies suggest that the presence of the C776G polymorphism in the TC2 gene may affect the binding affinity of transcobalamin to cobalamin (Cbl) and the ability to transport Cbl to tissues [25, 26] . Although no studies have linked C776G TC2 gene polymorphism with the occurrence of oral cancer, Biselli [27] reports a relationship between the polymorphism and the risk of maternal Down syndrome, which is related to the etiology of abnormal folate metabolism. Afman et al. [25] found no association between the presence of C776 TC2 gene polymorphisms and the risk of neural tube defects. Folate, a vitamin of the B group involved in one-carbon group metabolism, plays an important role in DNA synthesis and methylation. Several polymorphisms in the genes involved in folate uptake and biotransformation have been shown to be associated with the risk of cancer and response to anticancer drugs. The aim of this study was to determine the relationship between the C776G polymorphism of the TC2 gene and the risk of oral cancer.
Material and methods
The study was conducted with the approval of the Local Ethics Committee of the Medical University of Lodz (RNN/142/09/KB ). For the study group, DNA was isolated from peripheral blood lymphocytes obtained from a group of 119 unrelated patients, 48 women and 71 men (mean age 48 ±13.50), with oral cavity cancer which had been confirmed histologically. All patients were diagnosed and treated in the Department of Head and Neck Neoplasms Surgery Medical University of Lodz between 2008 and 2014. For a control, DNA was extracted from a group of 102 unrelated healthy volunteers: 43 women and 59 men (mean age 48 ±17.90). Samples of peripheral blood (5 ml in EDTA -ethylenediaminetetraacetic acid) were taken from the antecubital vein. Postoperative material consisted of cancerous tissues taken from the mouth. All patients and controls were matched for age and gender. RS-(RefSNP accession ID) for C776G polymorphism of the gene TC2 is 1801198.
Polymorphism analysis TC2 C776G genotyping by PCR-RFLP
DNA was extracted from peripheral blood lymphocytes using DNA Blood Mini Kits (A&A Biotechnology, Gdynia, Poland). Genotypes were determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP). PCR was carried out in a volume of 10 µl. The reaction mixture consisted of 100 ng of genomic DNA, 0.5 µmol of each primer and 3 U of Taq polymerase. The PCR cycling conditions consisted of an initial denaturation step of 94°C for 10 minutes, followed by 34 cycles of 94°C for 1 minute, 56°C for 45 s, 72°C for 45 s and final extension of 72°C for 10 minutes.
A 10 µl amount of specifically positive PCR products was digested overnight with 1 µl of ScrFI (New England Bio Labs, Beverly, MA) at 37°C, and the digested DNA fragments were resolved on 3% agarose gel. The randomly selected DNA samples amplified by PCR for each genotype were cross-checked by DNA sequencing, and the results were found to be 100% concordant [27] . The primers, length of PCR products and restriction enzymes are summarized in Table I . Genotypes were designated as follows: 99 bp and 201 bp for C/C; 99, 201 and 300 bp for C/G; and 300 bp for G/G. Figure 1 presents a representative electropherogram obtained after digestion of PCR products.
Statistical analysis
The frequency of the analyzed polymorphisms among CRC patients and controls was evaluated using the Hardy-Weinberg (HW) equilibrium test. The odds ratios (OR) and 95% confidence intervals (95% CI) were adjusted for age and gender. Means were compared using the t-test or analysis of variance. The distribution of the alleles was analyzed with Yates' χ 2 test according to age, gender, tumor location, grading, nodal involvement, distant metastases and recurrence. P-values were calculated as two-sided. Probabilities were considered significant at p-values less than 0.05.
Results
In a total of 119 unrelated patients, 48 women and 71 men (mean age 48), oral cavity cancer was histologically confirmed. Stage T1 was confirmed in 56 (47.1%) patients, T2 in 46 (38.7%), T3 in 12 (10%) and T4 in 5 (4.2%). In 28 patients (23.5%) nodal metastases were observed.
The distribution of the TC2 C776G polymorphism in patients (X2 = 0.4671; p = 0.4942) and the control group (X2 = 1.6034; p = 0.2054) was found to correspond to the Hardy-Weinberg prediction. The TC2 C776G genotype was found to be C/C in 25 (21.00%), C/G in 55 (46.20%) and G/G in 39 (33.00%) patients with cancer of the oral cavity, while in control subjects C/C was found in 45 (44.10%), C/G in 41 (40.20%) and G/G in 16 (15.70%) patients. Two genotypes were associated with an increased risk of sporadic cancer compared with controls: C/G (OR: 2.4146; 95% CI: 1.2803-4.5541; p = 0.01) and G/G (OR: 4.3875; 95% CI: 2.0518-9.319; p = 0.001). A more detailed distribution of genotypes and alleles for the case and control groups is given in Table II.  Table III contains data showing a lack of correlation between genotype, sex, smoking and alcohol use.
We analyzed the distribution of the TC2 C776G genotype in the largest group of cancers, i.e. C00, C02 and C04. The TC2 C776G genotype was found to be C/C in 4 (20%), C/G in 9 (45%) and G/G in 7 (35%) patients with cancer of the lip (C00). In patients with tongue cancer (C02) the TC2 C776G genotype was found to be C/C in 6 (11.1%), C/G in 23 (42.6%) and G/G in 25 (46.3%). In patients with floor of the month cancer (C04) the TC2 C776G genotype was found to be C/C in 4 (13.3%), C/G in 9 (30%) and G/G in 17 (66.7%).
Discussion
Oral cavity cancer is characterized by rapid development, and clinical malignancy and lymph node metastatic tumors occur in about 40% of patients with oral cancer [28] . 80% of cases of oral cancer are curable. Precancerous lesions should be removed and treatedw in smokers or those infected with HPV 16 and 18. Although one quarter of patients are too young to smoke and drink alcohol, the number of these patients is increasing rapidly. The risk of developing oral cancer is seven times higher in smokers and six times higher in alcohol abusers [29, 30, 31] . In those who give up smoking, the risk of cancer decreases with time, whereas the risk increases with the number of cigarettes smoked per day.
Dietary factors may play a role, together with genetic predisposition, because not all smokers or alcoholics get cancer, and not all patients with cancer have such habits [32, 33] . Other factors are associated with the ability to metabolize carcinogens or repair DNA. Individual susceptibility to cancer may be associated with a particular genotype, which might in turn be associated with metabolic disorders, resulting in increased exposure to carcinogens [34] , the most important being aromatic amines. To summarize, oral cancer is known to be associated with smoking and chewing tobacco, the consumption of alcoholic beverages, a diet low in fresh fruits and vegetables, poor oral hygiene and ill-fitting dentures, and, in the case of cancer of the lips, exposure to sunlight [35] . Water-soluble vitamins, such as B vitamins (B 1 , B 2 , B 3 , B 6 , B 12 ) folic acid and vitamin C, cannot be stored by the body and are rapidly excreted [26, 35] . One essential nutrient is cobalamin, which plays an important role as a coenzyme in the conversion of L-methylmalonyl-CoA, succinyl-CoA and the remethylation of homocysteine to methionine. HPV infection (the most common HPV16) can also cause some forms of cancer, and patients with oral cavity cancer associated with HPV infection are younger and often do not use alcohol and cigarettes.
Although no connection has been found previously between the occurrence of polymorphism TC2 C776G and the risk of cancer of the oral cavity, it has been found to be related to the occurrence of other disease entities. For example, the TC2 C7776G polymorphism has been associated with a higher risk of developing colorectal adenoma [35] . In addition, the 776G allele has been associated with the presence of colorectal neoplasia [36] .
Our results indicate that the CG and GG genotypes and the G allele have the effect of increasing the likelihood of oral cancer. However, further research of gene interactions in the metabolism of folic acid and studies using different populations are needed to examine polymorphisms and risk of cancer.
In conclusion, the present study suggests that the presence of TC2 C776G is associated with increased risk of oral cancer. Genotypes C/G and G/G, and the 776G allele, increase the risk of cancer.
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